Abstract This paper describes the potential of ecological sanitation (ecosan) to provide sustainable excreta disposal in emergency situations and in peri-urban areas or slums in developing countries. At the present time, pit latrines are the most common form of excreta disposal both for emergency situations and in low-income peri-urban areas or slums. Although not intended to be a long-term solution, pit latrines provided during emergencies are often used for a long time (more than six months to years). This practice is not sustainable if the area is prone to flooding or there are soil conditions that allow groundwater pollution in areas where groundwater is used for drinking water, to name but two of the main factors. We propose eight criteria for the applicability of ecosan based on analysis of three case studies representing different types of emergency situations. The two most important criteria are awareness and expertise in ecosan within the aid agencies, and availability of standardised, lightweight toilet units that are quick to assemble and easy to transport (e.g. container for faeces, and urine diversion squatting pan made of impact-resistant molded polypropylene). Such toilets could be moved to, or replicated in, other areas in need after the emergency (peri-urban areas or slums). This would provide benefits for Millennium Development Goals achievements (targets on hunger, child mortality, sanitation and slum dwellers) at lower cost than conventional sanitation systems. Costs for sanitation systems should be compared based on the entire system (toilet, transport, treatment, reuse in agriculture), using Net Present Value analysis for capital, and operating and maintenance costs.
Introduction
The emergence of a "sanitation crisis" in many mega-cities of developing countries is widely acknowledged (e.g. Strauss et al. (2003) ; Moe and Rheingans (2006) ). Progress to solve this worldwide problem is disappointingly slow. In this paper we make a link between emergency sanitation, sustainable or "ecological" sanitation (ecosan), the Millennium Development Goals and costing aspects of sanitation systems. We use the emergency sanitation provision as an entry point to the analysis, since emergencies capture the attention of donor nations and aid agencies and could thus be used as a "catalyst" for sustainable sanitation provision in developing countries.
Natural or man-made disasters cause emergency situations, which affect people's lives, the infrastructure that supports them and their natural environment. In developing countries, the existing infrastructure is often weak and insufficient to start with, which makes the impact of the emergency even more severe. At the same time, living conditions in many peri-urban areas or slums are not much better (or even worse) than in long-term camps after emergencies. Many of the diseases occurring under such scenarios are caused by inadequate sanitation facilities and poor hygiene practice (Treglown et al., 2002) . As one example, diarrhoeal diseases (almost entirely caused from lack of safe water, sanitation and hygiene practices) was the cause of death in 17 % of all cases for children under five from 2000 to 2003 worldwide (UN, 2005) . The need for safe sanitation is equally high in emergency situations as it is for low-income peri-urban areas and slums, except that the sense of urgency is greater for the former.
During emergency situations, aid agencies tend to implement sanitation systems that are well known to them without much regard for long-term effects or sustainability, since these sanitation systems are not meant to be long-term solutions. Often, the key criterion is minimising implementation time. The problem is that in developing countries, these "stopgap" measures are often used for a much longer period than originally anticipated or even copied elsewhere, whether they are sustainable or not.
The stages of an emergency situation range from "immediate term" (1-2 months) to "short term" (2-6 months) to "long term" (6 months to several years, e.g. for internally displaced people camps). Currently the excreta disposal practices used in emergency situations in developing countries include open field defecation, shallow and deep trench latrines, pit latrines and pour flush latrines (Harvey et al., 2004) . The same excreta disposal methods are also used by a large part of the urban poor in developing countries (e.g. Mayumbelo (2006) ; Strauss et al. (2003) ).
Although some of the current methods exhibit some good principles for managing human excreta, i.e. isolation and containment, the practices are in many cases neither convenient (odour, flies, distance from houses since they cannot be indoors, with associated lack of security for women and children, having to empty pits or dig new pits, not protected from floods if area is flood-prone) nor sustainable. In order to select the most sustainable sanitation option from a range of options we need to consider sustainability criteria, which have been formulated with respect to sanitation by Kvarnström and af Petersens (2004) . In the context of this research, those criteria that are most easily quantifiable are listed below (it should be pointed out that the concept of sustainability is indicated rather by a direction than a specific state (Kvarnström et al., 2006) ):
• Should not pollute groundwater, especially if shallow wells are being used as a drinking water source, e.g. in long-term camps or peri-urban areas (e.g. Lusaka, Zambia (Mayumbelo, 2006) ), and minimise surface water pollution; • Should not require water for transporting waste since water is usually precious in emergency situations and in peri-urban areas; • Sanitise the waste to destroy pathogens and prevent contact with human excreta to protect public health; and • Have low capital, operation and maintenance costs (to be financially sustainable).
As a rule of thumb, pit latrines are typically not appropriate when the groundwater table is high, the ground is underlain by pervious rock (e.g. karst geology) or rock that is difficult to excavate, the area has a potential for flooding, or the population density is high and the space to dig new pits is therefore limited (or no means to safely empty full pits and to treat faecal sludge).
An alternative to pit latrines can be found within the ecological sanitation (ecosan) concept, which is a new paradigm whose core principles are containment of human excreta, treatment to remove harmful pathogens, and possible reuse of the sanitised excreta (Winblad and Simpson-Hébert, 2004) . Ecosan approaches strive to be sustainable in all aspects. The nutrients, nitrogen and phosphorus, that can be recovered from human faeces and urine can be used in agriculture, hence preserving soil fertility and improving food security which is particularly important for nutrient-depleted soils in Africa. Technologies that achieve these principles qualify to be considered as "ecosan compatible".
Ecosan hardware options include toilets with or without urine diverting (UD) slabs or pedestals, and with or without water for flushing. In the context of this research, we selected UD dehydrating toilets (Figure 1) as the most suitable ecosan-compatible technology, because of the general lack of water during emergencies and in peri-urban areas and also because of the simplicity to manage these types of toilets (compared to composting toilets). They are also resilient to flooding conditions and can be built inside the house. Reuse of excreta should be the final aim of any ecosan approach, but we postulate that it is not essential in the beginning of a project and should not be seen as a limiting factor, particularly in emergency situations. But since these emergency installations often turn into more permanent solutions, there is the opportunity for phasing in reuse in the longer term after the affected population has been informed about the benefits of sanitised excreta reuse. If reuse is not possible or not desired, separated urine can be infiltrated into the ground, but any impact on groundwater, particularly nitrate pollution, should be given consideration.
Criteria for Applicability of Ecosan for Emergency Sanitation
We analysed three case studies for sanitation provision during/after emergency situations in developing countries, namely in El Salvador (hurricane in 1998), Afghanistan (civil war during 1992 -1995) and Pakistan (earthquake, October 2005). Documentation for the El Salvador and Pakistan case studies was available as internal reports from Doctors without Borders Holland and for the Afghanistan case it was obtained from Reed and Khan (2003) . All details for these case studies are provided in Mwase (2006) . It was difficult to obtain detailed reports on sanitation provision in emergency situations because of lack of donor emphasis on sanitation provision let alone its documentation.
The three case studies have shown that ecosan-compatible technologies can be successfully implemented in the long-term phase of the emergency: LASF latrines (La Letrina Abonera Seca Familiar) were used in El Salvador, and vault latrines were used in Afghanistan (both were UD dehydrating toilets but without reuse of urine). These systems were in fact more sustainable than what was in place before the emergency occurred. The LASF system in El Salvador had the added benefit that it is more resilient against flooding which regularly occurs in the study area. An interesting aspect for the Pakistan earthquake case was that the affected population accepted this new system of dry sanitation (pit latrines) even though they were more familiar with water-borne sanitation (pour flush toilets) and used water for anal cleansing. This demonstrates that people are willing to accept something unfamiliar even during the trauma of an emergency. Hence, they may have also accepted a UD squatting slab if that was what the aid agencies had provided.
We have developed a list of criteria to assess the applicability of ecosan for a specific emergency situation (Table 1) . Similar criteria apply for the sanitation crisis in peri-urban areas and slums. Further research and development is required to devise standardised UD toilets consisting of a suitable container for faeces, e.g. a bucket or drum (instead of a pit), and a prefabricated UD squatting slab or pan (possibly similar to the one shown in Figure 2 on the right). Both components should be made from lightweight material e.g. impact-resistant, molded polypropylene like the many UD toilets already on the market. Costs need to be kept to a minimum, so that aid agencies are not discouraged by higher cost than their current systems and also to enable spontaneous replication in the affected countries (e.g. in slums). 
Benefits for Millennium Development Goals
If an ecosan approach was adopted more widely by aid agencies for emergency sanitation, awareness would be raised in the affected country and within global institutions such as UN and WHO, and NGOs. This could have benefits for meeting the Millennium Development Goals (MDGs) as outlined below.
The MDG sanitation target (Goal 7, Target 10, shown in Table 2 ) can only be met with a dramatic increase in investment in services (UN, 2005) . There is no doubt that ecosan systems are less costly than conventional water-borne sanitation systems (e.g. Rosemarin (2003) , Rockström et al. (2005) ). But similarly to aid agencies not being fully aware of ecosan options, global institutions such as UN and WHO have also to date not included ecosan options in their reports. For example, UNEP (2004) states that "eco-technologies should be considered as cost-effective alternatives to traditional centralised approaches, also in densely populated urban areas", but no further information on ecosan is provided in this report. Ecosan is also not mentioned as an intervention option by Hutton and Huller (2004) .
We propose that any attempt for comparing costs of sanitation systems should consider the entire system, indicated as Part A to Part E in Figure 2 . Crop grown with ecosan products as fertiliser (closing the loop) Figure 2 Components of a sanitation system to be costed in terms of capital and annual O&M costs based on an ecosan approach for human excreta management, with or without consideration of greywater (dashed arrows are not costed).
Part
The cost predictions usually become less accurate, the further one moves away from Part A (household toilet) through to Part E (sale of fertiliser from sanitised human excreta for reuse in agriculture, see also Rockström et al. (2005) ). This is because a detailed design for the entire sanitation system usually does not exist at the feasibility stage when sanitation options are being compared. It should be pointed out that the number of people to be covered in the scheme should be high enough so that economies of scale can be achieved, particularly in the urban context (e.g. for the treatment of faeces in Part C; investment in transport equipment for Part B and Part D). Target 2: Halve, between 1990 and 2015, the proportion of people who suffer from hunger.
Providing impoverished farmers in Sub-Saharan Africa with affordable replenishments of soil nitrogen and other soil nutrients.
Training large numbers of village workers in health, farming and infrastructure (in one year programmes) to ensure basic expertise and service in rural communities.
Through use of sanitised human excreta, soil nutrients can be replenished and soil conditioners added, saving on costly artificial fertilisers.
Through awareness-raising about ecosan options, people gain knowledge about health, sanitation and agriculture. 
N/A
Application of ecosan will lead to a decline in child mortality rates due to better nutrition through higher agricultural yields, less pollution of drinking water sources and less breeding grounds for disease spreading vectors. Target 11: Have achieved by 2020 a significant improvement in the lives of at least 100 million slum dwellers.
Providing access to electricity, water, sanitation and the internet for all hospitals, schools and other social service institutions using off-grid diesel generators, solar panels, or other appropriate technologies.
Providing community-level support to plant trees to provide soil nutrients, fuel wood, shade, fodder, watershed protection, windbreak and timber.
If human and animal excreta are combined and treated together in simple small-scale biogas plants, biogas can be generated and used for cooking and lighting.
Use of ecosan compatible toilets provides protection of water resources as well as providing soil nutrients.
Ecosan technologies can be decentralised in the rural situation where each household can manage their own products, creating greater independence from local government services.
Providing ecosan systems to slum dwellers would improve their life in terms of human dignity and better health.
a Quick Wins are interventions, which can be implemented immediately and have a very high potential short-term impact. b The Millennium Development Goal 7 Target 10 does not specify what technology satisfies basic sanitation. It can be argued that the ordinary pit toilet satisfies this MDG but we argue that the term "sustainable sanitation" would be more appropriate in MDG 7 Target 10 and options should be assessed on that basis.
Various authors have published detailed cost estimates for sanitation systems (e.g. Hutton and Haller (2004) , Rockström et al. (2005) ) but the results are difficult to compare because they are based on different time periods, different parts of the sanitation system covered (e.g. only Part A of Figure 2 ) and different financial assessment tools.
We postulate that the most appropriate tool for a basic financial comparison of sanitation options is the Net Present Value (NPV) of the capital and yearly operation and maintenance cost of the entire sanitation system (Part A to E in Figure 2 ). The NPV analysis should be based on a clearly spelled out concept design, the number of people covered in the scheme, the time period considered in the cost analysis (e.g. 15, 20 or 30 years) and the discount rate used (e.g. 5, 8, 10 %). Then the results from different studies can easily be compared.
In terms of cost benefits from sanitation provision, there are those that are health related (e.g. less expenditure on treatment of diarrhoeal disease) and those that are non-health related (e.g. time savings for the user related to water collection or accessing sanitary facilities), which are quantified in Hutton and Haller (2004) . These benefits should also be compared for different sanitation options.
Apart from lower capital and O&M costs compared to conventional water-borne sanitation systems, ecosan approaches bring benefits for MDG achievements as summarised in Table 2 . Mwase (2006) has shown that by achieving the sanitation part of Target 10 with ecosancompatible toilets, Targets 2, 5 and 11 will most likely automatically be met. This is because the agricultural yields would be improved by applying sanitised human excreta as fertiliser and soil conditioner, which would reduce the number of people suffering from hunger and reduce child mortality (better nutrition and reduction of sanitation-related disease). The lives of slum dwellers would also be improved in terms of human dignity and better health. A similar conclusion has also been reached by Kvarnström et al. (2006) .
Conclusions
Aid agencies are understandably hesitant to install a more expensive sanitation system in emergencies even if there are long-term benefits of this type of system for the affected country. It is therefore important that: (i) the costs of UD dehydrating toilets are lowered due to mass production of standardised designs (already now there are low-cost UD squatting pans for example on the Indian market, developed by Eco-Solutions); (ii) the toilets are installed with a view of transporting and reusing or replicating them after the emergency in peri-urban areas or slums; and (iii) a dialogue takes place between the government, water and health-related NGOs and aid agencies in affected countries to decide on the most sustainable system for emergencies and MDG achievements alike.
Emergency situations can be seen as an opportunity to improve sanitation in developing countries by rebuilding or replacing the existing sanitation systems with sustainable solutions. Apart from acute emergency situations, there is a more "silent" sanitation crisis in many rapidly urbanising centres in developing countries. In both contexts, ecosan-type solutions, in particular urine diversion (UD) dehydrating toilets, could play a major role in providing sustainable sanitation. This would also provide benefits for MDG achievements (targets on hunger, child mortality, sanitation and slum dwellers) at lower cost than conventional sanitation systems. It is important to consider the entire system over the entire project life using Net Present Value analysis or similar, not just the installation cost of the toilet in the first year. 
